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INTRODUCTION 
Soon after the introduction of sulfanilamide (1) 
H N-01 ~ -SO NH 2 2 2 ( 1) 
as an antibacterial agent in 1936-37, it was noted that 
the drug alters the electrolyte balance, causing systemic 
acidosis. This is due to an increased excretion of bicarbon-
- 1 
ate (HC0 3). 
d d . . 1 y 1ures1s. 
The electrolyte imbalance is also accompanied 
In 1940 Mann and Keilin determined that the 
electrolyte imbalance was a result of the inhibition of the 
enzyme carbonic anhydrase (CA) of red blood cells by 
sulfanilamide. 2 
Carbonic anhydrase catalyzes the hydrolysis of co 2 to 
form carbonic acid: 
Carbonic anhydrase is a monomeric protein with a molecular 
weight of approximately 30,000 and contains a single zinc 
ion. 3 This enzyme is widely distributed in the human body 
and is found in high concentrations in a number of tissues, 
including erythrocytes and certain cells of the central 
nervous system. 
1 
2 
Sulfanilamide's diuretic action stimulated a search for other 
inhibitors of this enzyme. This led to the introduction of 
acetazolamide (2), an aromatic heterocyclic sulfonamide as a 
diuretic. In 1953, Bergstrom et al, found acetazolamide to 
0 bN-N 
CH ~HNJ' ~-SO NH 
3 """' / 2 2 s . 
(2) 
be useful 1n the treatment of certain seizures associated with 
epilepsy, apparently due to the inhibition of carboniC an-
4 hydrase in certain cells of the central nervous system. 
This finding stimulated the investigation of sulfonamides as 
potential anticonvulsants. 
The scope of my research on this project has consisted 
of: 1) the synthesis of a number of carbocyclic, aromatic 
sulfonamides, and 2) the evaluation of the sensitivity and 
reproducibility of various assay systems for the determina-
tion of the in vitro activities of various sulfonamides as 
inhibitors of the enzyme carbonic anhydrase . 
The synthetic portion of my project concentrated on the 
preparation and purification of a number of substituted 
benzenesulfonamides (3): 
~-so NH 
22 
X 
( 3) 
3 
The synthesis and purification of these compounds is described 
in detail in the Synthetic Schemes Section of this honors 
thesis. 
The first assay system investigated exploits the ability 
of carbonic anhydrase to hydrolyze esters, specifically 
p-nitrophenyl acetate. 5 p-Nitrophenyl acetate is hydrolyzed 
to form acetic acid and p-nitrophenol, which dissociates 
to form p-nitrophenolate ion. The progress of the reaction 
can be followed by measuring the absorbance of the reaction 
mixture at 400 nm, where the absorbance is due almost entirely 
to the p-nitrophenolate ion. However, analysis of this assay 
system showed it to be unacceptable because it is not sen-
sitive enough to allow the study of very strong inhibitors. This 
first assay system is described in the Esterase Activity 
Assay System Section of this thesis. 
The second assay system investigated attempted to measure 
the enzymatic activity of carbonic anhydrase as measured by 
the pH change that occ urs whe n c a rboni c anhydrase catalyzes 
the hydration of co 2 to carbonic acid. 
H2co 3 
+ H + HC0 3 
Various data acquisition methods were employ ed (including an 
Apple II+ microcomputer interfaced to a pH meter). In addi-
tion, a number of e xp e rimenta l condition s we re evalua t ed in 
4 
attempts to improve the reproducibility of the results. All 
modifications of the assay system (described in detail in the 
Changing pH co 2 Hydration Assay System, Interface and Software 
Sections of this thesis) also failed to exhibit acceptable 
reproducibility. 
The third assay system investigated the hydration of co 2 , 
at constant pH, to form carbonic acid. A titrimeter equipped 
+ with an autoburette was used to titrate the H produced by 
dissociation of carbonic acid. The autoburette was inter-
faced to an Apple II+ microcomputer. This assay system was 
determined to be far superior to the other assay systems that 
were evaluated. Details of this assay system are found in 
the Constant pH co 2 Hydration Assay System, Interface and 
Software Sections of this honors thesis. 
SYNTHETIC SCHEMES 
Almost all of the benzenesulfonamides {!) were prepared 
as in Synthetic Scheme #1 from the appropriately substituted 
benzenesulfonyl chlorides (~) by heating with concentrated 
6 
aqueous NH 3 . The benzenesulfonyl chlorides {2) were obtained 
by one of three synthetic routes: a) reaction of £-toluene-
sulfonic acid (~) with chlorosulfonic acid to yield £-
toluenesulfonyl chloride {~: X = 4-CH 3); b) chlorosulfonation 
of the appropriately substituted benzene {3); c) diazotization 
5 
of the appropriately substituted aniline (i), followed by 
treatment of the diazonium salt (5) with cuc1 2 in glacial 
acetic acid saturated with so 2 . N4-£-Acetamidobenzenesulfonyl-
sulfanilamide (~) was prepared by the condensation of sul-
fanilamide (~) and E-acetamidobenzenesulfonyl chloride (2) 
utilizing NaHC0 3 in refluxing acetone (Synthetic Scheme #2). 
EXPERIMENTAL 
Melting points (uncorrected) were determined using a 
Laboratory Devices Mel-Temp capillary melting point apparatus. 
Thin layer chromatography (TLC) was used to evaluate the 
purity of prepared compounds and to follow the progress of 
reactions. Thin layer chromato grams (silica gel with fluores-
cent indicator) were run on pre-coated analytical plastic 
sheets (Eastman Kodak); compound spots were visualized with UV 
light (254 nm). 
Benzensulfonamide (1: X =H). A crude commercial sample 
of benzenzesulfonamide (10.00 g, 63.6 mmoles, mp 149.5-
150.5 °C) was recrystallized (EtOH/water decolorizing with 
carbon, 2X), followed by (pet. ether/EtOH) to yield the puri-
fied compound (3.45 g): mp 153-153.5 °C (lit. 7 156 °C); 
TLC Rf = 0.66 (EtOH). 
CH ~SOH 3-\d 3 
( 6) 
Synthetic Scheme #l 
'i.. 
AcOH 
CuCl 2 so 2 
~SONH  2 2 
(l) 
6 
x{) 
( 3) 
Synthetic Scheme #2 
+ H2N~-so2NH2 
(~) 
Acetone 
7 
8 
Table 1 Substituted Benzenesulfonamides Prepared and Purifieda 
OS02NH2 
'-/< 
Compound X 
a H 
b 2-Cl 
c 3-Cl 
d .~-Cl 
e 4-Br 
f 2-CH 3 
g 3-CH 3 
h 4-CH 3 
l 4-0CH 3 
j 4-NH 2 
k 2-NO 2 
1 3-NO 2 
m 4-NO 2 
n 3,4-Cl 2 
0 3-NO 2 I 4-Cl 
p 4-NHS0 2c 6H4-4'-NHCOCH 3 
a Compounds a, l, and o purified from commercial samples; 
compound p prepared by Synthetic Scheme #2; all other 
compounds prepared by Synthetic Scheme #1. 
9 
2-Chlorobenzenesulfonamide (l: X= 2-Cl). Using a modi-
fication of the procedure of Merwein et al, 8 2-chloroaniline 
(i: X = 2-Cl) (25.51 g, 200 mmoles) in cone. HCl (68 ml) was 
diazotized by the addition of a solution of NaN0 2 (15.18 g, 
220 mmoles) in water (24 ml) at a rate such that the tempera-
ture was maintained at 0-5 °C. The resulting diazonium salt 
solution was added at 12-22 °C to a solution of glacial acetic 
acid (160 ml) saturated with so 2 and containing cucl 2 ·2H 2o 
(17.08 g, 100 mmoles). The reaction mixture was stirred until 
N2 evolution ceased, poured onto 600 ml of ice and water, 
stirred for 10 minutes, and e x tracted with CHC1 3 (100 ml, 2X). 
The combined CHC1 3 extracts were boiled with concentrated 
aqueous NH 3 (300 ml) until no CHC1 3 remained, acidified to pH 
2 with 6M HCl and cooled in an ice bath. The crude product was 
collected by vacuum filtration, washed with water, and re-
crystallized (EtOH/water with decolorizing carbon) to yield the 
desired product (10.86 g, 28%): mp 189.5-190 °C (lit. 9 188 °C); 
TLC Rf = 0.68 (EtOH). 
3-Chlorobenzenesulfonamide (1: X = 3-Cl). Using a modi-
fication of the procedure of Merwein et al, 8 freshly dis-
tilled 3-chloroaniline (4: X = 3-Cl) (19.14 g, 150 mmoles) in 
concentrated HCl (51 ml) was diazotized by the addition of a 
solution of NaNo 2 (11.39 g, 165 mmoles) 1n water (18 ml) at a 
rate such that the t e mp era ture wa s ma intained at 0-5 °C. 
The resulting diazonium s a lt s o lution wa s added a t 15-25 °C 
10 
to a solution of glacial acetic acid (100 ml) saturated with 
so 2 and containing CuC1 2 ·2H20 (10.23 g, 60 rnrnoles). There-
action mixture was stirred until N2 evolution ceased and was 
then poured onto 600 ml of ice and water. The resulting mix-
ture was extracted with CHC1 3 (160 ml, 2X). The combined 
CHC1 3 extracts were vigorously stirred and boiled with concen-
trated aqueous NH 3 (250 ml) until no CHC1 3 remained. After 
acidifying to pH 2 with 6M HCl and ice bath cooling, the crude 
product was collected by vacuum filtration, washed with concen-
trated HCl (5 ml) in water (50 ml), and finally recrystallized 
(EtOH/water, 3X) to yield the desired product (11.28 g, 39%): 
mp 147-5-148 °C (lit. 9 148 °C); TLC Rf = 0.68 (EtOH). 
4-Chlorobenzenesulfonamide (1: X~ 4-Cl). Using the 
procedure of Eliel and Nelson, 10 chlorobenzene (3: X= Cl) 
(20.00 g, 178 mmoles) was chlorosulfonated by the addition 
with vigorous stirring of the chlorobenzene, over 10 minutes 
to the ice bath cooled ClS0 3H (124.2 g, 1067 rnrnoles). The 
resulting mixture wa s vigorously stirred in the ice bath for 
an additional 10 minutes, heated on a steam bath for 5 minutes, 
and then allowed to cool to room temperature. Then this mix-
ture was carefully and slowly poured onto 800 ml of crushed 
ice, and the resulting mixture was vacuum filtered. The solid 
precipitate was stirred with concentrated aqueous NH 3 (200 ml) 
below 40 °C for 20 minute s, a cidified to pH 2 with 6 M HCl and 
cooled in an ice bath. The c rude product was collected by 
11 
vacuum filtration, washed with cold water, and recrystallized 
(pet. ether/EtOH drying with anhyd. Na 2so4 and washing with 
cold pet. ether) to yield the desired product (2.72 g, 9%): 
mp 145-146 °C (lit. 9 145-146 °C); TLC Rf- 0.71 {EtOH). 
4-Bromobenzenesulfonamide (1: X= 4-Br). 4-Bromobenzene-
sulfonylchloride (~: X = 4-Br) (5.00 g, 19.6 mmoles) in concen-
trated aqueous NH 3 (50 ml) was stirred at 40 °C for 20 min-
utes, acidified to pH 2 with 6 M HCl, and cooled in an ice 
bath. The crude product was collected by vacuum filtration 
and recrystallized (EtOH/water, with cold water wash) to yield 
the desired product (0.93 g, 20%): mp 165.5-166 °C (lit. 9 
166 °C); TLC Rf = 0.70 (EtOH). 
2-Methylbenzenesulfonamide (!:X= 2-CH 3). The approp-
riate benzenesulfonyl chloride (_~: X= 2-CH 3 ) (10.00 g, 52.5 
mmoles) and concentrated aqueous NH 3 (100 ml) were stirred 
vigorously at 40 °C for 30 minutes, acidified to pH 2 with 
6M HCl and finally cooled in an ice bath. The crude product 
was collected by vacuum filtration, washed with cold water, 
and recrystallized (EtOH; then EtOH/pet. ether washing with 
cold pet. ether) to yield the desired product (0.47 g, 5%): 
mp 152-154 °C (lit. 11 156.3 °C); TLC Rf = 0.73 (EtOH). 
3-Methylbenzenesulfonamide (!:X= 3-CH 3 ). Using a 
modification of the procedure of Merwein et al, 8 3-methyl-
aniline (4: X= 3-CH 3 ) (16.07 g, 150 mmoles) in concentrated 
HCl (51 ml) was diazotized by the addition of a solution of 
12 
NaN0 2 (11.39 g, 165 mmoles) in water (18 ml) at a rate such 
that the temperature was maintained at 0-5 °C. The resulting 
diazonium salt solution was added at 20-48 °C to a solution 
of glacial acetic acid (120 ml) saturated with so 2 and con-
taining CuCl 2 ·2H2o (10.23 g, 60 mmoles). The reaction mixture 
was stirred until N2 evolution ceased, poured onto 600 ml of 
ice and water and extracted with CHC1 3 (100 ml, 2X). The 
combined CHC1 3 extracts were boiled with concentrated aqueous 
NH 3 (250 ml) until no CHC1 3 remained, acidified to pH 2 with 
6 M HCl, and cooled in an ice bath. The crude product was 
collected by vacuum filtration and recrystallized (EtOH/water 
with decolorizing carbon, cold EtOH wash) to yield the de-
sired product (0.48 g, 2%): mp 109.5-110 °C (lit. 11 108 °C); 
TLC Rf = 0.68 (EtOH). 
4-Methylbenzenesulfonamide (l: X= 4-CH 3). 4-Methyl-
benzenesulphonic acid (~) (10.00 g, 58.1 mmoles) dissolved in 
CHC1 3 (60 ml) was converted to the corresponding benzenesul-
fonyl chloride (~: X = 4-CH 3 ) by the r a pid addition, with 
stirring, of ClS0 3H (30.00 g, 257.5 mmoles). The resulting 
mixture was stirred until gas evolution ceased and was then 
poured onto 500 ml of crushed ice. The organic pha se was 
separated, washed with water, and boiled on a steam bath 
until no CHC1 3 remained. The resulting oily benzenesulfonyl 
chloride residue was added to concentra ted aqueous NH 3 
13 
(100 ml), stirred at 50 °C for 20 minutes, acidified to pH 2 
with 6M HCl, and ice bath cooled. The crude product was 
collected by vacuum filtration and recrystallized (EtOH/ 
water, with de-colorizing carbon and three water washes) to 
yield the desired product (3.48 g, 35%): 136-136.5 °C 
(lit. 11 138.5-139.5 °C anhyd.); TLC Rf = 0.62 (EtOH). 
4-Methoxybenzenesulfonamide (l: X= 4-0CH 3). Using the 
procedure of Morgan and Cretcher, 12 anisole (40 g, 370 
mmoles) in CHC1 3 (150 ml) was chlorosulfonated below 0 °C by 
the addition of Clso 3H (86.2 g, 740 mmoles) over 25 minutes 
with vigorous stirring. The resulting mixture was warmed to 
room temperature, poured onto one liter of crushed ice, and 
then extracted with CHC1 3 (200 ml). The organic phase was 
washed with water (100 ml, 3X), dried over anhydrous Na 2so 4 , 
filtered, and finally evaporated in vacuo. The resulting 
liquid benzenesulfonyl chloride (2: X = 4-0CH 3 ) was stored 
under N2 in the dark overnight. The following day the liquid 
and concentrated a queous NH 3 (560 ml) were vigorous ly stirred 
at 40 °C for 15 minutes, a cidified to pH 2 with 6M HCl, 
and cooled in an ice bath. The crude product was collected 
by vacuum filtration, recry stallized (EtOH with decolorizing 
carbon) to y ield the desired product (7.74 g, ll%): mp 11 2-
112.5 °C (lit. 13 113 °C); TLC Rf = 0.63 (EtOH). 
Sulfanilamide (l: X= 4-NH 2). A crude commercial 
sample of sul f anilamide (1 0.00 g, 58.1 mmoles, mp 160.5-
14 
161.5 °C) was recrystallized (EtOH; then EtOH/water with EtOH 
wash) to yield the purified compound (5.2 g): mp 164.5-165.5 
°C (lit. 7 165-166 °C); TLC Rf = 0.72 (EtOH). 
2-Nitrobenzenesulfonamide (l: X= 2-No 2). Using the 
procedure of Gialdi et a1, 14 2-nitroaniline (!: X= 2-No 2 ) 
(41.4 g, 300 mmoles) in concentrated HCl (150 ml) was diazo-
tized by the addition of a solution of NaNo 2 (21.00 g, 304 
mmoles) in water (40 ml) at a rate such that the temperature 
was maintained at -5 to -2 °C. After standing at -7 °C for 
two hours, the resulting diazonium salt solution was added at 
16-29 °C to a solution of glacial acetic acid (300 ml) sat-
urated with so 2 and containing cucl 2 ·2H 2o (15.00 g, 88 mmoles) 
and water (15 ml). The reaction mixture was stirred until N2 
evolution ceased, allowed to sit for 10 minutes, and then 
poured onto 1600 ml of ice and water. The resulting mixture 
was neutralized with solid NaHco 3 and extracted with CHC1 3 
(200 ml, 2X). The combined CHCl 3 extracts were boiled with 
concentrated aqueous NH 3 (500 ml) until no CHCl 3 remained. 
The resulting mixture was placed in a separatory funnel. The 
dark oily phase was discarded, and the remaining aqueous 
phase was acidified to pH 2 with 6 M HCl. The crude product 
was collected by vacuum filtration, washed with cold water, 
and recrystallized (EtOH/water decolorizing with carbon and 
washing with two 20 ml portions of EtOH) to yield the desired 
15 
Product ( 7 • 6 8 q , l 3 % ) : m p l 9 3 • 5- l 9 4 . 5 o C ( 1 it. 15 1 9 3 o C ) ; 
TLC Rf = 0.60 (EtOH). 2-Nitrobenzenesulfonamide was also 
prepared from a commercial sample of 2-nitrobenzenesulfonyl 
chloride (~: X - 2-No 2 ) by the following procedure. 2-Nitro-
benzenesulfonyl chloride (5.0 g, 24.8 mmoles) in concentrated 
aqueous NH 3 (50 ml) was stirred at 50 °C for 20 minutes, 
acidified to pH 2 with 6 M HCl, and ice bath cooled. The 
crude product was collected by vacuum filtration and recrystal-
lizized (EtOH/water with water wash) to yield the desired 
product (2.72 g, 60%): mp 193-194 °C (lit. 15 193 °C); TLC Rf = 
0. 65 (EtOH) . 
3-Nitrobenzenesulfonamide (!:X= 3-No 2). A crude com-
mercial sample of 3-nitrobenzenesulfonamide (9.38 g, 30.6 
mmoles) was recrystallized (EtOH/water with decolorizing 
carbon, 3X) to yield the purified compound (2.96 g): 167.5 
168 °C (lit. 15 167-168 °C); TLC Rf = 0.72 (EtOH). 
4-Nitrobenzenesulfonamide (!:X = 4-N0 2). 4-Nitrobenzene-
sulfonyl chloride (2: X = 4-No 2 ) (10.00 g, 45.1 mmoles) dis-
solved in benzene (40 ml) was boiled with concentrated aqueous 
NH 3 until precipitation of the product had just begun. While 
still hot the aqueous and organic phases were separated, and 
the aqueous phase was acidified to pH 2 with 6M HCl and ice 
bath cooled. The crude product was collected by vacuum fil-
tration and recrystallized (EtOH/water, hot filtration and 
cold water wash) to yield the desired product (1.55 g, 17%): 
16 
mp 177-178 °C (lit. 15 179-180 °C); TLC Rf = 0.65 (EtOH). 
3,4-Dichlorobenzenesulfonamide (l: X- 3,4-Cl 2). Using 
8 
a modification of the procedure of Merwein, et al, 3,4-
dichloroaniline (i: X = 3,4-Cl 2 ) (20.25 g, 123 mmoles) in con-
centrated HCl (42.5 ml) was diazotized by the addition of a 
solution of NaNo 2 (9.49 g, 137.5 mmoles) in water (15 ml) at 
a rate such that the temperature was maintained at 0.5 °C. 
The resulting diazonium salt solution was added at 12-35 °C 
to a solution of glacial acetic acid (100 ml) saturated with 
so 2 and containing CuC1 2 ·2H 2o (8.52 g, 50 mmoles). There-
sulting mixture was stirred until N2 evolution ceased and was 
then poured onto 400 ml of ice and water. After CHC1 3 ex-
traction (100 ml, 2X), the combined CHC1 3 extracts were vigor-
ously stirred and boiled with concentrated aqueous NH 3 (250 ml) 
until no CHC1 3 remained. The resulting mixture was acidified 
to pH 2 with 6M HCl. The crude product was collected by 
vacuum filtration and recrystallized (EtOH/water with de-
colorizing carbon, 3X) to yield the desired produce (1.73 g, 
6%): mp 137.5-138 °C (lit. 16 140 °C); TLC Rf = 0.72 (EtOH). 
4-Chloro-3-nitrobenzenesulfonamide (1: X = 3-No 2), 
4-Cl). Using a modification of the procedure of Merwein 
8 
et al, 4-chloro-3-nitroaniline (4: X- 3-No 2 , 4-Cl) in 
concentrated HCl (120 ml) was diazotized by the addition of 
NaN0 2 (11.39 g, 165 mmoles) in water (18 ml) at a rate such 
17 
that the temperature was maintained at 0.5 °C. The result-
inq diazonium salt was added at 13-35 °C to a solution of 
glacial acetic acid (120 ml) saturated with so 2 and contain-
ing CuCl 2 ~2H 2o (10.23 g, 60 mmoles). The resulting mixture 
was stirred vigorously until N2 evolution ceased, poured onto 
700 ml of ice and water, and extracted with CHC1 3 (200 ml, 
2X). The combined CHC1 3 extracts were boiled with concen-
trated aqueous NH 3 (300 ml) until no CHC1 3 remained. The 
resulting aqueous solution was adjusted to pH 7 with 6 M HCl 
and cooled in an ice bath. The crude product was collected 
by vacuum filtration, dissolved in hot EtOH and water, de-
colorized with carbon, and hot filtered. The resulting hot 
EtOH/water solution was poured into a _separatory funnel con-
taining CHC1 3 and 5% NaOH. The aqueous phase was separated 
and neutralized with 6M HCl. The resulting precipitate was 
collected by vacuum filtration and dissolved in 10% NaOH. 
This solution was washed sequentially with CHC1 3 , pet. 
ether, and then ethylacetate (2X); the aqueous phase was then 
neutralized as before. The resulting solid was collected by 
vacuum filtration and dissolved in 10% NaOH. The solution 
was neutralized, ice bath cooled, and then vacuum filtered 
to collect the precipitate. This purification by reprecipi-
tation was repeated once more. The product was recrystal-
lized (water/acetone/10 % NaOH, and washed with a cold solution 
18 
of 3 ml of concentrated HCl in 30 ml of water) to yield the 
desired product (1.77 g, 5%): mp 177.5-178 °C (lit. 17 175-176 
°C); TLC Rf = 0. 70 (EtOH). 
N4-4-Acetamidobenzenesulfonylsulfanilamide (2). Using 
the procedure of Sakai and Yamamoto, 18 a mixture of 4-aceta-
midobenzenesulfonyl chloride (_2) ( 37.5 g, 160.5 mmoles) , 
sulfanilamide (35.00 g, 203.2 mmoles), Na 2co 3 (14.00 g, 
132.7 mmoles) and acetone (500 ml) was refluxed for two hours. 
After sitting overnight, CHC1 3 and water were added to the 
reaction mixture. The organic phase was separated, decolor-
ized with carbon, and washed with water. The solvents were 
evaporated and the resulting crude product was recrystallized 
(acetone) to yield the desired compound (20.00 g, 38%): 
mp 256.5-257 °C (lit. 18 258-260 °C); T~C Rf = 0.70 (EtOH). 
CONSTANT pH C0 2 HYDRATION ASSAY SYSTEM 
As in the Changing pH co 2 Hydration Assay System, the 
Constant pH co 2 Hydration Assay System exploits the hydration 
of co 2 , as catalyzed by carbonic anhydrase. However, in this 
assay system the reaction pH is maintained at a fixed value 
by a titration assembly (including an autoburette), which 
titrates the hydrolysis product, H+, with standard base. 19 
The reaction progress is followed by recording the total 
19 
volume of titrant that has been added as a function of time. 
An Apple II+ microcomputer is interfaced to the autoburette 
in order to facilitate data acquisition. 
EXPERIMENTAL 
A diaqramatic view of the assay system is shown on the 
20 
next page. The reaction mixture was contained in a water-
jacketed reaction vessel (30 ml), and the temperature main-
tained at 5.0 °C with a circulating water bath (Lo Temptrol 
154) set at 4.5 °C. The reaction vessel was equipped with a 
rubber stopper with three holes: one for the base addition 
tube from the autoburette, one for the combination pH elec-
trade, and one for the injection of a saturated co 2 solution. 
The stopper formed a nearly airtight seal for the reaction 
vessel, thus reducing the out-gassing of co 2 from the reaction 
mixture. Constant stirring of the reaction mixture was 
maintained with a magnetic stir bar and a Corning Hotplate 
Stirrer. The titration assembly is composed of three basic 
components manufactured by Radiometer: a TT2 titration con-
sole (pH meter), an Autoburette (ABU 12), and a Titrigraph 
Recorder (REA 300). The TT2 was equipped with a Ross Combina-
tion pH electrode (Orion Research) which was immersed ln the 
reaction mixture. The autoburette was interfaced to an 
CARBONIC ANHYDRASE ASSAY SYSTEM WITH MICROCOMPUTER DATA ACQUISITION 
RECORDER 
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Apple II+ microcomputer (see the Interface and Software sec-
tions) in order to automatically record the total volume of 
titrant added as a function of time. The reaction was in-
itiated by the injection of a saturated co 2 solution with a 
plastic hypodermic syringe equipped with a large bore needle. 
After introduction of the saturated co 2 solution, the titra-
tion assembly automatically added standard base (0.400 M 
NaOH) to the reaction vessel so as to maintain a constant 
reaction pH of 7.00. The following solutions were prepared 
for the assay runs (where all water is deionized water): 
Stock Enzyme Solution: A preweighed sample of dialyzed and 
lyophilized bovine erythrocyte carbonic anhydrase (approx. 
1 ml) was dissolved in an appropriate volume of water to 
give a 0.100 mg/ml enzyme solution. This solution was then 
stirred for 30 minutes at room temperature, diluted tenfold 
with H2o, and finally stored in an ice bath with gentle stir-
ring to give the Stock Enzyme Solution (0.0100 mg/ml, 
333 nM). 
Stock Inhibitor Solution: This solution was prepared by dis-
solving a preweighed sample of benzenesulfonamide (approx. 
1 mg) in an appropriate volume of water to give a 1.00 mM 
benzenesulfonamide solution. Subsequent tenfold dilutions 
with water were performed to give Stock Inhibitor Solutions 
of 10- 3 , 10- 4 , and 10-S M. 
Saturated co 2 Solution: This solution was prepared in a 
three-necked round bottom flask (1 liter) immersed in the 
4.5 °C water bath. A constant co 2 flow from an external 
tank was introduced through one neck which contained a gas 
bubbling tube and a fermentation lock. The second neck was 
stoppered while the third neck was fitted with a syringe 
adapter for withdrawing saturated co 2 solution samples. 
22 
co 2 was bubbled through the solution for at least 30 minutes 
prior to beginning the assay run to give the Saturated co 2 
Solution. 
Standard Phosphate Buffer: This buffer was prepared by 
dissolving the appropriate amounts of NaH 2Po 4 , Na 2HP0 4 and 
ethylenedinitrilo-tetracetic acid (EDTA, a chelating agent) 
1n water, followed by dilution to the appropriate volume, 
to give the Standard Phosphate Buffer (17.86 mM, 25 uM 
EDTA, pH 7.00). This solution was stored in the cold water 
bath during the assays. 
A general outline of the blank assay run, which is 
designed to determine the spontaneous, uncatalyzed hydrolysis 
of co 2 is as follows: 
( 23 
14.00 rnl 
l. 00 rnl 
5.00 ml 
20.00 rnl 
The final 
12.5 
17.5 
[E] 
[I] 
Blank Assay Run 
of Standard Phosphate Buffer 
of water 
of Saturated co 2 Solution 
Total 
a) The buffer and water were added to 
the reaction vessel and allowed to 
equilibrate to 5.0 °C. 
b) The reaction was initiated by the 
injection of the saturated co 2 solution. 
c) The data was automatically collected, 
graphically displayed, and finally stored 
in a floppy disk data file. 
blank assay mixture contains: 
rnM phosphate buffer 
A M EDTA 
0.00 M 
= 0.00 M 
where E represents carbonic anhydrase and I stands for 
the inhibitor, benzenesulfona mide. 
General assay runs containing enzyme and inhibitor 
have the following outline: 
14.00 
X 
(0. 92 - X) 
0.08 
5.00 
20.00 
The final 
12. 5 
17.5 
[ E] = 
[I] = 
ml 
ml 
ml 
ml 
ml 
ml 
General Assay Run 
Standard Phosphate Buffer 
Stock Inhibitor Solution 
water 
Stock Enzyme Solution 
Saturated co 2 Solution 
Total 
a) The above, except for the saturated 
co 2 solution, were added to the 
reaction vessel. 
b) After exactly 5 min., the reaction 
was initiated by the injection of 
saturated co 2 solution. 
c) The data w~re> automatically collected, 
graphically displayed and stored in 
a floppy disk data file. 
general assay mixture contained: 
mM phosphate buffer 
mM EDTA 
l. 33 nM 
0 or 10-5 to 10-s M 
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KINETIC EQUATIONS 
The catalyzed hydrolysis of co 2 can be described by the 
f 11 . f "1" b . . 19 o ow1ng set o equ1 1 r1um react1ons. 
~1 CA 
Now d[co 2]/dt, the rate of change of the concentration of 
co 2 , can be given by, 
This will give, after collecting the terms in [C0 2 ] 
d [CO 2 ] 
dt 
Now if we define k 2 = k 32 + k12 , and since the reaction pH is 
+ 
constant, we can define kj1 = k 31 [H] Then the above 
equation can be simplified to 
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( 1) 
Again, since the reaction pH is constant 
( 2) 
where A is a constant of proportionality between the ionized 
and unionized forms of H2co 3 • Substituting Eq. (2) into 
Eq. (1) gives 
If we define k 1 = kj1 + Ak 23 , then rearrangement of the above 
equation will give 
( 3) 
At equilibrium, 
= 0 
and thus k 1 [Hco;]eq = k 2 [co 2 ]eq where [ ]eq is the equilibrium 
concentration. Solving for k 1 yields 
Substitution of Eq. (4) into Eq. (3) gives 
[HCO -
3
] 
eq 
( 4) 
( 5) 
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Now if [ ] is defined to be the initial concentration at the 
0 
start of an assay run, then 
[HC0-3 ] + [H 2co 3 ] = [C0 2 ] - [C0 2 ] (6) eq eq o eq 
Substitution of Eq. (2) into Eq. (6) gives 
or: 
[Hco;J ~ B Eco 2 J 0 - [co 2 J e~ ( 7) 
where B = 1/(l+A). And similarly, it can be shown that 
( 8) 
Substituting Eqs. (7) and (8) into Eq. (5) gives 
Factoring k 2 out of the right hand side of the above equation 
a nd c ancelling B gives 
r 
~ k2lC02] [co 2 J 'rco 2 J -eq LL o [co 2 ] - [co 2 ] 
o eq 
If the lone [C0 2 ] term is put into a term containing the 
common denominator, the above e qua tion becomes 
) 
Expanding the above equation and cancelling like terms gives 
~ co 2 ] [co 2 ] - [ co 2 ] [co 2 ] = k o eq o 2 [co 2 ] - [co 2 ] o eq 
Factoring terms in [C0 2 ] 0 and rearranging gives 
= 
If we define k as 
app 
k 
app 
Gco 2 J -[C02] L eq 
= -----------------
where kapp = ~cat +. kback and kcat is the catalyzed rate 
constant and ~back is the spontaneous, uncatalyzed rate 
constant, then the above equation becomes 
( 9) 
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) 
Rearrangement of (9) gives 
=k dt dpp 
Integration of the above equation gives, 
[C0 2 ] 
= 
k dt 
.k t 
app 
app 
t 
0 
[C0 2 ] 
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= k t 
app 
= -k t app 
Raising both sides of Eq. (10) to the power e gives 
Because, 
[C0
2
] - [C0
2
] 
eq 
= 
substitution of Eq. ( 2) will give 
-k t 
e app 
30 
(10) 
(ll) 
) 
Rearrangement of the above equation gives 
Similarly, it can be shown that 
( 13) 
Substitution of Eqs. (12) and (13) into Eq. (11) gives, 
[1 + A] 
Cancelling and rearranging the above equation yields, 
Now 
time 
[HC0-3 ] - [HC0-3 ] eq 
[Hco;J is 
[HCO -3] eq 
proportional 
= 
to V 
_k t 
app e 
(ul base 
t) ' and [Hco;J is proportional to eq 
titrant added 
v (total ul 
eq 
(14) 
to 
base titrant added at equilibrium) . Making the approxima-
31 
tion that the assay solution volume does not change appreci-
ably during the assay run, Eq. (14) becomes 
v - v 
eq 
v 
eq 
= 
-~ t 
e app ( 15) 
Equation (15) was used to generate a :kapp value from the 
collected data. 
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RESULTS 
This assay system is by far the best and most sophis-
ticated assay system investigated. The results from this 
essay system were very reproducible, avoiding the problem en-
countered in the Changing pH co 2 Hydration Assay System. In 
addition, in this assay system the reaction pH is kept constant, 
which allows the kinetic equations for this assay to be de-
rived in a straightforward manner. Unlike the Esterase Ac-
tivity Assay System, this assay requires a very low enzyme con-
centration which allows relatively strong inhibitors to be 
studied. Finally, this assay system was interfaced to an 
Apple II+ microcomputer. This allowed, the user, via exten-
sive software, to automatically collect, record and analyze 
data. 
The data for a run were collected 1n the form of total 
ul of titrant base added as a function of time, t. A plot 
of ul titran t base added vs . time is shown for one typical 
run on the next page. After several minutes of data ac-
quisition, additional enzyme is added, and when titrant ad-
dition ceases, the equilibrium titrant volume (V ) is 
eq 
recorded. Solftware described in the Software section of 
this thesis was then used to fit this data to Eq. (15) 1n 
order to determin e a valu e for K 
app One can then define 

) 
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per cent Activity, as was done in Eq. (7) of the Kinetic 
Equations part of the Esterase Activity Assay System Section, 
as 
% Acct. = 
k 
app 
k [I]=o 
- k back 
- k back 
X 100 
where, K[I]=o is the apparent rate constant for [I] = 0. 
Preliminary per cent activity vs. inhibitor concentration 
(benzenesulfonamide) data determined from this assay system 
are shown on the next page. 
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SUMMARY AND CONCLUSIONS 
The overall aim of this honors project is the development 
of quantitative-structure-activity relationships for the sulfo-
namides; and from this, more potent anticonvulsant drugs. 
Along these aims, the synthesis and purification of sixteen 
simple benzenesulfonamides with greatly varying physic-
chemical properties was accomplished. In addition, three 
assay systems measuring the inhibition of carbonic anhydrase 
by sulfonamides were extensively investigated and evaluated. 
Once a suitable assay system had been found, considerable work 
went into making the assay system quick, convenient and ac-
curate. An interface between an Apple II+ microcomputer and 
a titration assembly was developed to allow~ via extensive 
software, rapid and convenient data acquisiton, manipulation, 
display, and storage. Additional software was written in 
order to analyze the collected data. The development of this 
assay system allowed a fellow undergraduate researcher to 
evaluate the inhibitory properties of other sulfonamides. 
Although the development of a quantitative-structure-
activity relationship was not accomplished, considerable 
progress towards this goal was made. The inability to de-
velop a quantitative-structure-activity relationship stems 
from the fact that most of the research work was devoted to 
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developing a suitable assay system. This precluded evaluat-
ing the inhibitory properties of a large number of sulfon-
amides. Unfortunately the correlation between inhibition 
activity and physio-chemical parameters employed in a 
quantthlhve-structure-activity relationship determination re-
quires the evaluation of the inhibitory properties of a 
large number of compounds. The final phase of the project, 
which consists of synthesizing and submitting promising 
anticonvulsants compounds for in vivo testing could also not 
be accomplished due to time limitations. Hopefully the re-
sults from this honors project can now be used to evaluate 
the inhibitory properties of other sulfonamides, and aid 
in the development of quantitative-structure-activity rela-
tionships and more potent anticonvulsant drugs. 
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APPENDIX A 
( 
ESTERASE ACTIVITY ASSAY SYSTEM 
Carbonic anhydrase (CA) catalyzes the hydration of 
carbon dioxide, co 2 , to carbonic acid, H2co 3 . In addition 
to the hydration of co 2 , carbonic anhydrase also catalyzes 
l 2 the hydration of esters. ' This particular assay system 
utilizes the hydrolysis of p-nitrophenyl acetate to p-
nitrophenol and acetic acid to evaluate the esterase activity 
of the enzyme. The inhibitory properties of sulfonamides 
on the esterase activity of the enzyme can also be studied 
with this assay system. 
CA 
H 0 7' 
2 
0 
II 
HO-C-CH 3 
The progress of the hydrolysis reaction is monitored by 
following the change in absorbance at 400 nm. 3 Absorbance 
at this wavelength is due primarily to the p-nitrophenolate 
ion. 
o2N-o-O-
According to the Beer-Bouger-Lambert law, 
A 400 nm 
c = 
E:400 nm • 1 
where C is the molar concentration (molar) of the absorbing 
compound, A400 nm is the measured absorbance at 400 nm, 
1 is the pathlength (em) and s 400 is the molar extinction nm 
coefficient of the absorbing compound at 400 nm. The value 
of E: 400 
and 200 
3 -1 -1 is 18.1 x 10 M em for the p-nitrophenolate ion 
nm 
-l -l M em for p-nitrophenol; hence, absorption due to 
the unionized p-nitrophenol is negligible. 3 Furthermore, 
absorption due to p-nitrophenyl acetate is also negligible. 3 
The measured absorption at 400 nm is thus directly proper-
tional to the concentration of p-nitrophenolate ion. Since 
the hydrolysis is carried out in a buffered solution, the pH 
remains constant and, hence, the percentage of p-nitrophenol 
that dissociates to form p-nitrophenolate ion remains con-
stant as the reaction proceeds. Furthermore, the rate of 
change of the absorbance is directly proportional to the 
rate of hydrolysis, V. 
dA 
dt Ci. v 
EXPERIMENTAL 
The absorbances of the solutions at 400 nm was measured 
vs. a standard phosphate buffer solution with a Hitachi 
100-80 Spectrophotometer in the "enzyme mode". The cells 
used were semimicro, 1 ml silica cuvettes with a 10 mm path-
length. The absorbances were measured at a fixed temperature, 
25 °C, maintained by a Lo Temptrol 154 water bath. The 
spectrophotometer 1n the "enzyme mode" measures, usually over 
a period of 15 minutes, the average rate of change in ab-
sorbance that accompanies the hydrolysis over fixed time in-
tervals, usually 30 seconds each. The enzyme was dialy zed 
and lyophilized bovine erythrocy te carbonic anhydrase which 
was obtained from the Sigma Chemical Co. 
The solutions for the assay run were prepared using 
deionized water. Solution volumes were measured with a 
Gi l son Pipetman automatic pipet. 
Standard Phosphate Buffer: The buffe r is p r epared by dis-
solving the appropriate amounts of NaH 2Po 4 a nd Na 2HP0 4 in 
water, diluting to appropriate volume, a nd f i nally adjusting 
the pH, to give the Standard Phosphate Buff er (pH = 7.40, 
.05 M phosphate buffer). 
Stock Enzyme Solution: Approximatel y 2.25 mg of carbonic 
a nhydras e was dissolved with v igoro us stirring in a n 
appropriate volume of Standard Phosphate Buffer at room 
temperature. This solution was then stored in an ice bath 
with slow stirring to give the Stock Enzyme Solution 
-5 (l. 5 X 10 M). 
Stock Inhibitor Solution: This solution was prepared by 
dissolving approximately 1.00 mg sulfanilamide in an approp-
riate volume of Standard Phosphate Buffer to give a 10- 2 
to 10- 3 M inhibitor solution. This solution was then diluted 
10:1 with Standard Phosphate Buffer to give the Stock In-
hibitor Solution (10- 3 to 10- 4 M sulfanilamide). 
Stock Substrate Solution: This solution was prepared by 
dissolving approximately 16.00 mg of p-nitrophenyl acetate 
in acetonitrile to give the Standard Substrate Solution 
-2 ( l. 8 5 X 10 M) • 
A general outline of the blank assay run, which is 
designed to determine the spontaneous, uncatalyzed hydrolysis 
of p-nitrophenyl acetate, is as f ollows: 
990 ul 
10 ul 
1000 ul 
Blank As s a y Run 
Standard Phosphate Buf fe r 
Stock Substrate Solution 
Total 
a) The buffer wa s added to the cuve tte a nd 
allowed to equilibrate to 25 °C. 
b) The r eac tion wa s initia ted by the in-
jectio n o f the subs trate s o lution. 
c) The data were automatically collected 
and printed by the spectrophotometer. 
The final blank assay mixture contained: 
49.5 mM phosphate buffer at pH 7.40 
[S] = 1.85 X 10-4 M 
[E] = 0.00 M 
[I] = 0.00 M 
where E is carbonic anhydrase, I represents the inhibitor, 
sulfanilamide, and S is the substrate, p-nitrophenyl acetate. 
General assay runs containing enzyme and inhibitor 
followed the subsequent outline: 
General Assay Runs 
( 9 2 3. 3 - X) ul 
66.7 ul 
10.0 ul 
X ul 
1000 ul 
Standard Phospnate Buffer 
Stock Enzyme Solution 
Stock Substrate Solution 
Stock Inhibitor Solution 
Total 
a) The above, except for the substrate 
solution, were added to the cuvette and 
allowed to equilibrate to 25 °C. 
b) The reaction was initiated b y 
the injection of the substrate 
solution. 
c) The data were automaticall y collected 
a nd p rinted b y the spectrophotomete r. 
The final general assay mixture contained: 
49.5 mM phosphate buffer at pH 7.40 
[S] = 1. 85 X 10- 4 M 
[E] = 1. 00 uM 
[I] = 0 or 10- 4 to 10- 7 M 
KINETIC EQUATIONS 
The appropriate kinetic equations necessary for the 
analysis of this assay system will be developed in this 
section. The reactions follow Michaelis-Menten kinetics 
for the experimental conditions used in the assay. 5 The 
following reactions with the corresponding rate constants 
will be considered 
kl E + S -~ ES 
1(_1 
k 
p. E + p 
where E is the enzyme carboni c a nhydrase, S is the substra t e 
p-nitrophenyl acetate, a nd P i s the hydrol y sis product, 
p-nitrophenolate ion. The following assumptions are then 
made about the enzyme catalyze d reaction: 1) The e nz yme 
and substrate combine rapidly to form an enzyme-substrate 
complex; 2) Only a single substrate and a single enzyme-
substrate complex are involved a nd tne enzyme-substrate 
complex bre aks down dir ec tl y t o fo rm fr e e enzyme and the 
product; 3) The substrate concentration is very much larger 
than the enzyme concentration so that the formation of an 
enzyme-substrate complex, ES, does not alter the substrate 
concentration; and 4) The overall rate of the reaction is 
limited by the breakdown of the ES complex to form free 
6 
enzyme and product. Furthermore, the product concentration 
is low and, thus, the reaction 
E + p -->~ ES 
is slow enough to be ignored. Using the Briggs-Haldane 
steady state approach method, one can derive the following 
eq uations. 7 ES is produced by the process 
E + s 
Hence the rate of ES formation is given by 
d[ES] 
dt. kl (E] [S] 
Now ES d e c ompo ses by two process e s 
ES 
k 
-1_'\ / E + S 
k 
and ES ~ E + P 
Thus the rate of ES decomposition is 
-d[ES] 
dt = k 1 [ES] + k [ES] = (k l + k ) [ES] - p - p 
At steady state 
or alternatively 
d [ES] 
dt = 0 
k 1 [E] [S] = (k l + k ) [ES] - p 
Rearrangement gives 
[ES] = [E] 
(k l + k ) 
- p 
( 1) 
( 2) 
If [E]T = the total amount of enzyme present, both bound and 
unbounded to the substrate, then 
[E] [E] + [ES] 
T 
Dividing Eq. (2) by [E]T gives 
[ES] 
[E] T 
k 1 [ S ][E] 
(k l+k ) 
- p 
X 
l 
[E] + [ES] 
Multiplying th e l e ft hand side by k /k yie lds p p 
k [ES] p v 
v 
max 
= 
k
1
[S] [E] 
(k_l +kp) 
[E] + [ES] 
where kp[ES] is the hydrolysis reaction velocity V, and 
kp[E)T is the maximum hydrolysis reaction velocity V • 
max 
Dividing the numerator and denominator of the right hand side 
by [E] yields 
v 
v 
max 
= 
But from Eq. (1) it can be seen that: 
[ES] 
1EJ = 
Substitution of Eq. (4) into Eq. (3) gives, 
v 
v 
max 
= 
( 3) 
Multiplying the right side by (k 1 + k )/(k 1 + k) yields, - p - p 
v 
v 
max 
Dividing both numerator and denominator by k1 gives 
) 
,' 
Furthermore, 
v 
v 
max 
= 
[S] 
(k_l + k ) 
---:-___._P_ + [ S ] 
kl 
v 
v 
max 
= 
[S] 
k + [S] 
m 
Michael is-Men ten 
Eq. 
where 
Rearrangement gives 
v = 
Vmax[S] 
k + [S] 
m 
The value of k for the experimental conditions of this 
m 
-2 5 particular assay system is approximately 2 x 10 M. 
The substrate concentration under assay conditions is 
1.85 x 10- 4 M; thus, clearly k >> S and 
m 
[S] 
k + [S] 
m 
= 
Hence to a high degree of accuracy 
V = k t[S] ca 
lR__ 
k 
m 
where k t is V /k • Thus under the assay conditions, 
ca max m 
(5) 
) 
the hydrolysis rate is first order with respect to substrate 
concentration. Up to now, the fact that the hydrolysis 
of p-nitrophenyl acetate occurs even without enzyme has not 
been considered; i.e., there is a background hydrolysis 
rate and 
where k 1s the experimentally observed hydrolysis rate 
app 
constant, k t is the rate constant for the catalyzed reac-
ca 
tion, and kback represents the uncatalyzed rate constant. 
Since the background hydrolysis rate is also first order with 
respect to substrate concentration, 
V = k: [S] or 
app d[S) dt 
= - k [S] 
app 
Rearranging gives 
d [S] = - k: d t [ST app 
Integrating both sides of the above equation yields: 
d [ s] 
TsJ 
[ s] 0 
= k: dt app 
where [S]t is [S] at time t and [s] 0 is [S] at time t 0. 
) 
Then, 
ln[S] 
or, 
ln[S]t- ln[S] 0 
= - k t app 
= - k t 
app 
Simplifying further, 
or, 
-k t 
e app 
- ( k t) [S]t = [s] 0 e · app 
t 
0 
Thus we expect the substrate concentration to decrease ex-
ponentially as the reaction proceeds. Since the reaction 
velocity, V, is proportional to the substrate concentration, 
the reaction velocity should also decay exponentially. 
Finally, since dA/dt is proportional to V, dA/dt should 
decay exponentially with time. In the presence of a com-
petitive inhibitor it is observed that the hydrolysis rate 
diminishes. This is due to the fact that the enzyme present 
is now distributed between three forms, i.e., 
[E] t = [E] + [EI] + [ES] 
) 
where EI is the inhibitor-enzyme complex. Thus the [ES] is 
reduced, which explains the diminished hydrolysis rate. The 
equations for the enzyme catalyzed hydrolysis rate in the 
presence of a competitive inhibitor can be derived in a 
similar manner to the equations which were derived earlier. 8 
The equation is 
v = 
where 
Vmax[S] 
k (l + _I_) + [S] 
m k. 
k. = 
l 
l 
[E] [I] 
[EI] 
As noted before, for this assay system 
k' = k' + k' 
app cat back 
' 
where k• is the experimentally observed hydrolysis rate 
app 
with inhibitor, k• t is the enzyme inhibited catalyzed rate 
ca 
constant, and kback represents the spontaneous, uncatalyzed 
hydrolysis. 
of accuracy 
where 
Also, as before, k >>[S]. 
m 
V [S] 
Thus to a high degree 
v max = k• [S] 
cat k (l + _ill) 
m k. 
l 
) 
k• 
cat = 
v 
max 
k (1 + l!L) 
m k. 
l . 
( 6) 
Under the experimental conditions of this assay, V , k , 
max m 
and [I] are all constants for a given run, and hence the 
inhibited enzyme-catalyzed hydrolysis is first order with 
respect to substrate concentration. 
RESULTS 
Figure 1 is a plot of dA/dt vs. time for several assay 
runs. An exponential least squares fit was performed on 
each curve of Figure 1 in order to dete:r:mine relative :kapp 
values for each run. Per cent activity is defined 1n the 
following manner: 
% Activity = 
k' k app - '-back 
K[I] =0- \ack 
X 100, ( 7) 
where ~[I]=O is the apparent rate constant for I = 0 . 
The experimental data are summarized in Table I. 
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TABLE I 
[E] [I] [S) ka % Act. 
15 uM 0 uM 185 uM .0278 100 
15 u!-1 4.9 uM 185 uM .0257 72 
15 uM 10 uM 185 uM .0204 0 
0 uM 0 uM 185 uM .0203 0 
The above Table illustrates the decreasing activity of the 
enzyme associated with increasing inhibitor concentrations. 
The k. value for an inhibitor is useful for 
l 
quantify ing the inhibitory properties of sulfonamides. Low 
ki values are associated with strong inhibitors of carbonic 
anhydrase while high k. values reflect poor inhibitors. It 
l 
is possible to equate per cent activity values with k. values, 
l 
and the derivation of an equation which relates k. and per 
l 
cent activity values is shown below. Rearrangement of 
Eq. (7) gives 
% Act. (k [I l =0- kback) 
= k' - k = k' t 
100 app back ca 
Using Eq. ( 6) and substituting for k. gives, 
--cat 
) 
% Act (k - k ) 
· [I] =0 · back 
100 
Solving for k. yields 
l 
= 
v 
max 
k (1 + [I] 
m k. 
l 
k. = 
l 
[I] [lOOV - % Act. (ki O - kb k)k ] 
max = ac m 
%Act. (k[I]=O -k back)km 
The k. values for this assay system were not calculated since 
l 
the assay system was not deemed satisfactory for reasons out-
lined below. 
Overall, the assay system gave fairly reasonable results 
for sulfanilamide. However, high enzyme concentrations were 
needed in order to obtain a conveniently measurable hydrolysis 
rate. The high enzyme concentrations necessary limit the 
assay to relatively weak inhibitors. The kinetic equations 
derived earlier are not valid for tightly binding inhibitors 
because a key assumption used in the derivation of the 
Michaelis-Menten equations is that the inhibitor concentration 
is not significantly reduced by enzyme-inhibitor complex for-
mation. Strong inhibitors, under the experimental conditions 
employed in this assay, will have a significantly reduced 
concentration of unbound inhibitor. Since it was desired to 
study the inhibitory properties of strong inhibitors in this 
research project, at this point it was decided that it was 
necessary to develop a more sensitive assay system. 
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APPENDIX B 
1 
CHANGING pH C0 2 HYDRATION ASSAY SYSTEM 
As noted earlier, carbonic anhydrase catalyzes the 
hydration of co 2 • This assay system, to be described in this 
Section, follows the reaction by measuring the pH change 
which accompanies the hydration of co 2 . Ice cold water sat-
urated with co 2 , was injected into a solution of enzyme in 
buffer. The time required for the pH to decrease by a speci-
fied amount was then automatically measured by an Apple II+ 
microcomputer interfaced to a pH meter (see the Interface and 
Software section of this thesis). The hydration was carried 
out in a buffer solution in order to prevent the otherwise 
rapid changes in pH that would accompany the fast hydration. 
Furthermore, the hydration was run at 4 °C, instead of at 
some higher temperature, in order to slow down the rate of 
hydration. 
EXPERIMENTAL 
A Beckman model 3500 digital pH meter fitted with a Ross 
Combination pH electrode (Orion Research) was used for pH 
measurements. The analog output of the pH meter was inter-
faced to an Apple II+ microcomputer through an Adalab inter-
face board. Software written for this assay allowed the 
microcomputer to automatically record the elapsed time 
necessary for the pH to decrease, as a result of the hydra-
tion reaction, through various ranges. The reaction was 
carried out in a 20 ml glass bottle fitted with the pH elec-
trode which was immersed in a Lo-Temptrol 154 water bath in 
order to maintain a reaction temperature of 4 °C. An approp-
riate mixture of Standard Buffer Solution, Stock Enzyme 
Solution and Stock Inhibitor Solution was placed in the reac-
tion vesseJ_. Exactly 5 minutes after introduction of the above 
mixture to the reaction vessel, water at 4 °C and saturated 
with co 2 was injected with a syringe into the reaction vessel. 
The reaction vessel was then sealed with Parafilm to form 
a moderately airtight seal. After the microcomputer dis-
played the time required for the specified . pH change, the 
reaction vessel and the pH electrode were rinsed repeatedly 
with distilled water prior to the next assay run. 
The solutions used in the assay were prepared as follows 
with deionized water: 
Stock Enzyme Solution: Approximately 1.00 mg of bovine 
erythrocyte carbonic anhydrase was dissolved, with moderate 
stirring for 30 min., in an appropriate volume of water. 
The resulting solution was stored in an ice bath to give 
the Stock Enzyme Solution (0.1 mg/ml, 3.33 uM). 
Standard Tris Buffer: The buffer was prepared by dissolving 
the appropriate amounts of Trizma Base and Trizma Hydro-
chloride in water, diluting to appropriate volume, and finally 
adjusting the pH, to give the Stadard Tris Buffer (pH 8.00, 
20 uM) • 
Stock Inhibitor Solution: This solution was prepared by 
dissolving approximately 1.00 mg of benzenesulfonamide in 
an appropriate volume of Standard Tris Buffer to give a 1.00 
mM benzenesulfonamide solution. Subsequent 10:1 dilutions 
with Standard Tris Buffer were performed to give various 
10- 4 to -7 10 M Stock Inhibitor Solutions. 
Saturated co 2 Solution: A 500 ml round bottomed flask 
equipped with a gas trap and a bubbling tube was placed in 
a water bath at 4 °C. A moderate co 2 flow was maintained 
through the water in the flask for at least one hour prior to 
beginning the assay in order to ensure that the solution was 
saturated. A slow co 2 flow was maintained through the solu-
tion during the assay in order to maintain complete saturation. 
Blank assay runs were performed in order to measure the 
spontaneous, uncatalyzed hydration of co
2
• 
line of the blank assay runs was as follows: 
6.00 ml 
4.00 ml 
10.00 ml 
Blank Assay Runs 
Tris Standard Buffer 
Saturated co 2 Solution 
Total 
A general out-
a) The buffer was added to the reaction 
vessel, the pH electrode is inserted and the 
microcomputer software is initialized. 
b) The reaction was initiated by the injec-
tion of sat. co 2 solution into the reaction 
vessel, which was then sealed. 
c) The elapsed time for the pH change was 
automatically recorded and displayed by 
the microcomputer. 
The final blank assay mixture contained: 
12 mM Tris buffer at pH 8.00 
[E] 0.00 M 
[I] = 0.00 M 
where E represents carbonic anhydrase and I is the inhibitor, 
benzenesulfonamide. 
The other assay conditions involved the inhibition of the 
enzyme catalyzed hydration of co 2 • The following is an out-
line for the general assay runs: 
General Assay Run 
5.00 ml Standard Buffer Solution 
4.00 ml Saturated C0 2 Solution 
l. 00 ml Stock Inhibitor Solution (For [I] 0 
run, replace with l. 00 ml buffer) 
0.01 ml Stock Enzyme Solution 
10.01 ml Total 
a) The buffer, co 2 solution, inhibitor 
solution and the pH electrode were placed 
in the reaction vessel and the micro-
computer software initialized. 
b) Exactly 5 minutes after placing the 
above solutions in the reaction vessel, the 
hydration was initiated by injecting the 
saturated co 2 solution into the reaction 
vessel which was then sealed. 
c) The elapsed time for the pH change is 
automatically recorded and displayed by 
the microcomputer. 
The final general assay mixture contained: 
12 mM Tris buffer at pH 8.00 
[E] = 10- 4 mg/ml (3. 33 nM) 
[I] - 0 or 10- 4 to 10- 8 M 
KINETIC EQUATIONS 
2 The rate of hydrolysis of co 2 can be expressed as follows, 
The fact that pH does not remain constant complicates the 
reaction kinetics. Furthermore, k1 and k_ 1 are functions 
of the reaction pH. 3 These two factors make the derivation 
of quantitative kinetic equations for this assay system very 
difficult. The per cent activity can be defined as follows: 
% Activity = X 100 
where T1 is the time required for the pH change with in-
hibitor, TB represents the time required for the pH change 
with no enzyme, and TI=O is the time required for the pH 
change with enzyme and no inhibitor. 
RESULTS 
The assay system described is the most sophisticated of 
the systems investigated which was based on measuring an 
elapsed time required for a specified pH change. Simpler 
assay systems which employed manual timing for the pH cha ng e 
or measured the e l aps ed time from strip cha rts (which we r e 
obtained when the pH meter was connected to a strip chart 
recorder) were also investigated. In addition, various 
buffer systems (Tris and Phosphate) as well as buffer c oncen-
trations (0.02 to 0.05 M) we re employed. The elapsed time 
for the pH changes was measured over several ranges, 8.30 
to 6.30, 8.00 to 6.00, and 7.70 t o 6.70. Howev er, non e of 
these simpler, earlier studied assay systems was acceptable. 
Irreproducibility was the major problem, with measured times 
for assay runs under identical conditions varying in some 
instances by a factor of two. The most sophisticated assay 
system investigated (described in detail in the experimental 
section), although more reproducible than the earlier assay 
systems, still displayed unacceptable reproducibility. The 
inability to modify the assay system sufficiently in order 
to obtain reproducibility required the development of a new, 
more reproducible assay system. 
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Colorimetric Determination of Carbonic Anhydrase", 
J. Biol. Chern., 109, 203-207 (1948). 
2. J. E. A. Mcintosh "Assay of Carbonic Anhydrase by 
Titration at Constant pH", Biochem. J., 109, 203-
207 (1968). -
3. "The Enzymes", 3rd ed., P. D. Boyer, Academic Press, 
New York, 1971, pp. 638-639. 
APPENDIX C 
APPLE II+ MICROCOMPUTER INTERFACES 
The Apple II+ microcomputer was interfaced to a Beckman. 
3500 digital pH meter in the Changing pH co 2 Hydration Assay 
System. The analog input/output cable of the Adalab inter-
1 face was used. The ground of the recorder output of the 
pH meter was connected to pin 11 of the analog input/output 
chip which corresponds to analog ground. The positive out-
put of the recorder output was connected to pin 10 of the 
analog input/output chip which corresponds to the analog to 
digital high input. After these connections have been made, 
Adalab software (used in the data acquisition program) 
allowed the computer to read these incoming analog signals 
after the analog to digital conversion had digitized them. 
In the Constant pH co 2 Hydration Assay Sustem the micro-
computer was interfaced to the autoburette of a titration 
assembly. The drive shaft of the autoburette, which is 
normally used to run the Titrigraph Recorder, was discon-
nected. In its place a thin circular aluminum disk, with 
50 evenly spaced holes around the perimeter, was mounted on 
the drive shaft. A Monsanto MCTB Slotted Optical Limit 
Switch was used to sense the holes in the aluminum disk. The 
optical switch contains a light emitting diode and a photo-
transistor. The slotted sensor straddles the disk and, 
when a hole is in the slot, light hits the phototransistor 
(see diagram on the next page). When a hole is not in the 
slot, light is blocked from hitting the phototransistor. 
Under the experimental conditions of the assay, one revolu-
tion of the Titrigraph drive shaft represents the addition 
of 50 microliters of titrant. Thus each hole in the disk 
corresponds to the addition of one microliter of titrant. The 
Adalab output chip hardware was configured to input data into 
the Apple II+ microcomputer. The diagram on the next page is 
a circuit diagram for the hardwired set up used to pre-
process the digitized signals from the optical switch before 
inputting that signal to the Adalab interface. Numbers in 
the diagram refer to pin numbers. Lines 50 and 60 in the data 
acquisition program CAM42 are used to program, in machine 
language, the Adalab interface to count pulses on pin 4 of the 
output chip and to disable timer 3 such that it becomes a 
l pulse event counter. Pins ll and 8 of the output chip al-
low the us e r t o tap 0 and SV respective l y . Pins l and 2 of 
the optical switch were us ed to power the light emitting 
diode. The 100 ~ resistor is used to limit the diode current 
and prevent it from burning o ut. Pins 14 and 7 on the 
SN74132 Schmidt Trigger a r e used to supply the 5 and OV 
necessary to power the chip. When a hole is between the light 
emitting diode and the pho t o tra nsistor, the phototransistor 
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will conduct and the input pins 1 and 2 of the Schmidt 
trigger will be at SV. The lK resistor is used to prevent 
the phototransistor from being shorted when it conducts. The 
output of the Schmidt trigger is then OV on pin 3, and hence 
the Adalab interface pulse counter, timer 3 is not incremented. 
When there is no hole in the slot of the optical switch, no 
light hits the phototransistor, and it does not conduct. 
Input pins 1 and 2 of the Schmidt trigger are then at OV. The 
putput of the Schmidt trigger at pin 3 is then SV. The pulse 
counter is then incremented by one corresponding to the ad-
dition of one microliter of titrant. A Schmidt trigger lS 
used to clean the "noisy'' output of the optical switch and 
prevent the pulse counter from incrementing multiple times 
when a transition between 0 and SV occurs. This circuitry, 
along with Adalab software, enables the program CAM42 to 
record experimental data as microliters of titrant added 
vs. time. 
1. P. K. Warme, "Adalab Hardware Manual", Ineractive 
Microware Inc., 1981, P.O. Box 771, State College, 
PA 16801. 
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APPENDIX D 
DATA ACQUISITION: PROGRAM SUPERDUPERTIME 
The Apple II+ microcomputer program, SUPERDUPERTIME, 
was used to collect data generated by the changing pH co 2 
Hydration Assay system. The elapsed time required for the 
pH to decrease through a specified range is automatically 
measured and displayed by this program. The microcomputer 
is interfaced to a Beckman 3500 digital pH meter via an 
Adalab interface board. The pH meter produces an analog vol-
tage output that is a linear function of the pH. The Adalab 
interface "reads" the input analog voltage and produces a 
digital output proportional to the analog voltage. Thus, 
the microcomputer can monitor the pH of the reaction vessel 
by reading the analog to digital channel. The interface 
timer 1 is used to measure the elapsed time for the pH change. 
Timer 1 automatically "counts down" with each count represent-
ing one tenth of a second. 
DOCUMENTATION FOR PROGRAM SUPERDUPERTIME 
Lines 1 and 10 are used to initialize the interface 
system. The pH electrode is then placed in buffer solution 
at pH 6.00. Line 20 is used to stop program execution until 
the pH electrode has been placed in the buffered solution. 
fLOWGHART FOR SUPERDUPERTIME 
C1TART) 
~ ni t"ialize 
·nterface 
q_\{ulate analog 
to pH scaling 
factors 
enter beginning 
and ending pH 
values 
calculate average~ 
pH value 
calcu1-at e 
elapsed 
time 
~print elapsed 
~ time 
is pH< ending 
pH value 
! 
I 
; 
! 
~ 
'I E. 7 / ---chang e""- DO ~--------~--~~--~ pH r-----~--------------------~ 
range? 
After placing the electrode in the solution, the user presses 
the return key and lines 25 and 30 are executed. These lines 
perform an analog to digital conversion and place the digital 
value in Vl. Lines 25 through 30 are used to set and record 
the digital conversion for the analog output at pH 8.00. 
Line 40 calculates a scaling factor for use in converting 
digital analog conversions, into pH values. Lines 50 and 53 
are used to specify the desired pH range over which the 
elapsed time will be measured. Lines 57 and 60 calculate the 
digital values that correspond to the ending and beginning 
pH values. Line 70 is used to delay program execution until 
the assay is to be initiated by the injection of the saturated 
co 2 solution. Lines 90 through 120 are used to calculate the 
sum of five consecutive analog to digital conversions. Line 
130 calculates the average digital value and compares it to 
the digital value of the starting pH, Pl. If the pH has not 
fallen to the starting pH value, control is shifted to line 
90 and the above process is repeated. When the pH falls 
below the starting pH value, line 135 is executed which 
reads timer 1, and places the value in T. Lines 140 through 
180 perform a function analogous to lines 90 through 130, 
with this loop checking to see if the pH has fallen to the 
ending pH value. When the pH has fallen to the ending value, 
line 190 reads timer 1 (placing the value in D%) and then 
LISTING FOR SUPERDUPERTIME 
1 HIMEM: 36095:D% = O: DIM C%(5) 
~Q%(5)~D%(1): PRINT CHR$ (4 
)"BRUN QUICI<I/0" 
10 POKE 36259~1 
20 INPUT "6. 00 ADJUST"; OI<S 
21 ~~ AIO 
22 & AIO:V1 = D% 
T5 F'RINT V1 
:::::4 I 1\lPUT "8. 0 ADJUST II; OK$ 
25 ~~ AIO 
30 & AIO:V2 = D% 
33 F'R I NT l.J~?. 
40 Q = <Vi - V2> I 2 
50 I NPLJT II START I 1\lG F'H II; PS 
:".'!3 I NFUT II ENDING PH II ; F'E 
57 Pl = V2 - <PS - 8.0) * Q 
60 P2 = Vl - <PE - 6.0) * Q 
70 I NF'LJT "Fi:Ef:~DY",J II; m::s 
80 D% = 32767: & TO i 
f35 PRINT II Il'l PH 8. 30 LOOP" 
90 PH = 0 
95 ~~ AI 0 
FDR I = i TO 5 
& AIO:PH = PH + D% 
1\lEXT I 
J.OO 
110 
120 
130 
1:32 
i35 
136 
IF PH I 5 < Pi GOTO 90 \ 
PRINT II ACHIEVED F'H 8. 30 II 
~~ T I i: T = D% 
PRII'.!T T 
F'R I NT II H.l PH 6. ::c.o l_(][)p " 
140 F'H ::::: 0 
145 8~ f:~ I 0 
150 FOR I = 1 TO 5 
J.60 & AIO:PH = PH + D% 
170 I'~E:XT I 
180 IF <PH I 5l < P2 GOTO 140 
1 c32 PFi I 1\lT "~~cHI E'vED F·H 6. 30" 
190 & Tll:GOSH = <T - D%) I iO. 
1'-1'5 F'F.:INT D~~ 
::::: oo F'~~ I NT II DUF:?H I ClN "GOSH" SEC 
DNDS" 
210 li'WlJT II CH(-41\lGE PH F(ANGE':' ( y / N 
) II ; ?1$ 
215 I 1=- A$ = II vII GOTO ~so 
225 GOTO 70 
2 50 El\lD 
calculates the elapsed time. Lines 210 through 225 allow 
the user to change the pH range before running again. 
DATA ACQUISITION: PROGRAM CAM42 
The Apple II+ microcomputer, CAM42, program was used to 
automatically collect, display, store and analyze the data 
generated by the Constant pH co 2 Hydration Assay System. The 
program provides for CRT graphical display of volume of 
titrant used vs. time as these data were being collected. This 
feature allows the operator to quickly tell if an assay run 
is going to give reasonable results, even as the assay is 
being run. In addition, at the end of every run this program 
will provide the user with an initial ~stimate of the reaction 
constant, which can be used to select other inhibitor con-
centrations which will be reasonably near the I 50 value. 
This software also generates data files which are conven-
iently stored on a floppy disk for future reference and 
data analysis. In order to make the program more convenient, 
default values for most questions requiring user input are in 
triangular brackets immediately following the question. The 
high resolution graphics employed by this program require 
large amounts of memory space upon which internal program 
documentation would intrude. Hence, documentation is in-
eluded in the text and not in the program itself. 
DOCUMENTATION FOR PROGRAM CAM42 
Lines 20 through 60 initialize the digital counter for 
the interface. Lines 80 through 310 are used to enter assay 
parameters. Lines 240 and 180 calculate scaling factors for 
the graphical display of collected data. Lines 330 through 
380 set up the graph on which the collected data is dis-
played. Lines 400 and 410 form a loop which test to see if 
any key has been pressed. Pressing any key places the value 
127 in memoray location - 16384. Line 410 checks to see if 
the value 127 has been placed in memory location - 16384, 
and thus checks to see if a key has been pressed. As soon 
as a key has been pressed (signaling that satd. co 2 solution 
is about to be injected) the program executes line 420. 
Lind 420 resets timer three which will be used as a pulse 
counter to count the number of microliters of titrant added. 
Line 430 reads timer three and checks to see if any pulses 
have been counted, signaling that the satd. co 2 solution has 
been injected and data acquisition should begin. If no 
pulses have been counted, line 430 loops back onto itself. 
Line 440 restes timer 1 which will then automatically "count 
down" with each count representing one tenth of a second. 
Lines 460 and 470 form a loops that waits until the desired 
interval between data points has elapsed before executing 
':::'ave 
ln a 
FLOWCHART FOR CAM42 
has a key 
been pressed·~ 
data 
-·--·- ---·· ____ :-y. -- .. - ----"-:-· . 
~ 'I ES /j_·-n--'i>.;j..t_i_a_l_ N 0 
, _ ___:Jll:___ _ __ , -~ value < 
calc. k 1 
value and j 
display 1 [------~----~-----------~ 
line 480 which stores the volume of titrant (in microliters) 
that has been added. Line 46Q reads timer three and stores 
the elapsed time since starting the assay (in tenths of 
seconds) in T. Line 470 tests to see if the desired inter-
val between data points has elapsed. When a data point is 
to be taken, line 480 is executed which reads timer 3 and 
places the number of counted pulses in the array A. Lines 
490 and 500 scale the collected data and plot it. If the data 
is to be saved, lines 520 through 620 allow the user to 
specify on which disk to place the generated file on, and 
to specify the file name. Lines 640 through 740 store the 
collected data in a file. Lines 750 through 790 allow the 
user to decide if he wishes to have an initial estimate of 
the reaction constant, k, calculated. If the answer is yes, 
control is shifted to the subroutine beginning on line 940, 
which calculates the initial k estimate by performing a 
least squares linear fit to the data after a logarithmic 
transformation has been performed. Lines 800 through 840 
ask the user if he wishes to run the program again. If the 
answer is yes line 860 is executed; otherwise, program exe-
cution is terminated. Lines 860 through 920 allow the user 
to change any of the parameters, such as the interval between 
data points, number of points to be collected, etc. If it 
is not desired to change any of the paramters, then control 
LISTI NG FOR CAM42 
10 REM TIMER 3 TO COUNT PULSES 
20 HIMEM: 36095 
30 D/. = 0 
40 PRINT CHR$ (4)"BRUN QUICKI/0 
II 
50 POKE 49714~191 
60 POKE 49723~32 
70 D I 11 A ( 501 ) 
80 PRINT "WHAT IS THE MAXIMUM " 
90 PRINT "AMOUNT OF TITRANT TO" 
100 PRINT "BE ADDED DURING THE " 
l 1 0 F'li I 1\lT II COURSE OF THE F::UN IN II 
1.20 I 1\li='L.JT 11 1'11 CRCll_ I TEF(S~· II ; VOLL.JI'1E 
130 F'RII\IT 
140 LET SY = 159 I VOLUME 
1 ~50 F'R I NT II HCilAJ !"I ANY SAI"IF'I.._ES DO y 
DU'' 
1. (:)0 F'R II'H II wISH TO Tr-4~<E7 II 
170 INPUT NUMBER 
180 LET SCX = 260 I NUMBER 
190 F'F< I NT 
:?00 F'R I NT II WH(·~ T Is THE INTERVAL II 
210 PRINT II BETWEEI'J SAMPLES IN II 
:-::::::o PF: Il\lT "sEcmms'/ II 
2:30 I 1\lF'LIT LAC3 
240 LET FLSX = NUMBER * LAG 
250 PRINT 
260 PI:;: I NT II DD YOU wISH (~ l3RAF'H I c 
AL 11 
'?70 F'RINT 11 DI? . ..:·LAY DF- THE COLLEC 
TED '' 
=-~80 F'F_ I NT II DATA'::• ~ ('(/1\l) II~ II< y >II 
~~90 I NF'UT G$ 
300 F'l=< I NT 
2q () IF G1; -- 11 1'-1 11 c-!ClTO 3ElU 
520 I-H3F: 
530 HCDLCJ F:=-.: 3 
340 HPLOT 0,0 TO 279~0 
350 HF'LOT 279 ~0 TO 279~ 159 
360 HPLOT 279~ 159 TO 0~ 159 
370 HPLOT O, 159 TO 0,0 
:;so PF~: I 1'-lT II Ph:Ess AI'N I<FY nJ BECi r 
Nil 
390 F'l::;: I NT 
400 X = PEEK ( - 16384l 
410 IF X < = 127 GOTO 400 
420 D% = 32767: & TO 3 
430 & TI3: IF D% = 32767 GOTO 43 
0 
440 D% = 32767: & TO 1 
450 FOR N = 1 TO NUMBER 
460 & TI1:T = 32767 - D% 
470 IF T < LAG * 10 * N GOTO 460 
480 & TI3:A<Nl = 32766 - D% 
490 IF 159 - A<N> * SY < 0 GOTO 
800 
500 HF'LOT N * SCX~159- A<N> * S 
y 
510 NEXT N 
520 PRINT "DO YOU V.J ISH TO SA'JE T 
HE" 
5:30 PRINT "DATF\ IN A FILE? (Y/N) 
'?" ~ 11 (\')tl 
~i40 I 1\IF'UT A$ 
:;so IF ?)$ == "N" Go To 8oo 
:i60 PF:INT 
570 PRINT "WHICH DISf< D(J YOU l•JIS 
H" 
580 PRINT "TO PUT THE FILE? (1 0 
R 2) II!' "<2>" 
590 INF'UT 0$: PRINT 
600 IF 0$ ::::: "l" GOTO 620 
610 [)$ = "2" 
620 INPUT "FILE NAME'":'";F$ 
630 F'RINT 
tAO LET F l $ ::::: F$ + II. D II + D$ 
650 D$ = CHR$ (4l 
660 PRINT D$; "CiF'EI'~"; F 1$ 
{,? 0 ph Ii'H D $ ; II l•J R I T E " ; F $ 
,':,80 1\1 :::: N -- 1 
690 F'h I NT 1\1 * 2 
700 FOR Q ::::: 1 TO N 
710 PRINT Q * LAG 
T.::: o F· r.:;: 1:1\n f.~ w l 
730 NE:X T D 
7 40 F'l=i: I 1\IT D$; II CUJE)E II; F$ 
?:='j!) F·R I NT "DO YOU V.JANT Al\1 IN IT I A 
1.._ II 
760 PF~INT "f::: E~>TII'1ATE'":"-"· (Y/N) II," ( 
770 I I\IF'l.JT \./$ 
780 IF V$ = "N" GCJTO 800 
790 GOSUB 940 
BOO PRINT "DO YOU WISH TO RUN AG 
AIN" 
81 (J PRINT 11 ( Y /N) r? II' 11 < Y >II 
820 INPUT B$ 
830 PRINT 
840 IF B$ = "N" GOTO 1100 
850 PRINT "DO YOU WISH TO CHANGE 
ANY" 
860 PRINT II OF THE F'ARAMETERS'::' ( y 
/N) II 
870 PRINT "<N>" 
880 I NF'UT C$ 
890 IF C$ = "Y" GOTO 80 
900 GOTO 320 
Cjlj(l PRINT 
920 GOTO 320 
930 TEXT 
940 PR 1 NT "l<JH?H IS THE T I TF<ANT V 
DL.U11E II 
950 PR 1NT "F'RESEI'H AT E(}U IL I BR IU 
11 IN" 
960 F·r..;: 1 NT "11 I CROL I TER~3":·"' 
c_no I NF'UT YED 
980 AVE = LAG * <N + 1l I 2 
990 
1000 
1010 
so = 
SN = 
FOR 
XX = 
AWl 
0 
0 
D = 1 TO N 
Q 
·-
is shifted to line 320 and the next assay will begin when 
the user presses any key. If it is desired to change any of 
the parameters, the program jumps to line 80 and the user 
is asked to supply the new parameters. 
DATA ANALYSIS: AUTOCUR 17 IMP 
The Apple II+ microcomputer program. AUTOCUR 17 IMP, 
is used to analyze the data generated by the data acquisi-
tion program, CAM42. An exponential least squares curve fit 
is performed on the data without first employing a logarithmic 
transformation of the data. An iterative procedure is used 
to fit the raw data to an exponential curve in order to elimi-
nate the distortions that a linear least squares fit will 
produce on the data after a logarithmic transform has been 
performed. A logarithmic transformation distorts the 
relative uncertainties present in the raw data. This program 
is compatible with files generated by the data acquisition 
program, CAM42 or CAM18, and has the ability to process 
more than one file automatically. The program will display 
intermediate results as the iterative fit is being performed. 
DOCUMENTATION OF PROGRAM AUTOCUR 17 IMP 
FLOWCHART FOR AUTO CUR , 17 H1P 
'/ES 
Calculat e coeff. 
of deter mination 
read file 
and store 
data 
calculate an initial 
k value for data using 
a linear fit to the 
lo transform. 
calculate a nevJ 
k value using 
iterative proc • 
. k l . "f "' . lS va u e slgn~ • '\ ~f.> 
diff. from pr evlous r---~~ 
calc. k? 
L- ------+---'!_) !;;.E._:;:S~ / are there 
--\ more files 
,------
(§·rot) 
"'to be nr oc ! 
save k 
values?/ 
Lines 100 through 190 allow the user to specify which 
disk he wishes to access and whether automatic processing 
of more than one file is desired. Line 200 will shift con-
trol to line 1370 if automatic processing of files is de-
sired. Lines 1370 through 1500 will supply the user with 1n-
. 
structions for processing more than one file automatically, 
if desired. Lines 1510 through 1620 form a loop which will 
prompt the user to supply the desired file names and equilib-
rium titrant volumes until the user types "STOP" in response 
to a request for the next file name. Lines 1630 through 1670 
store the first file name and the equilibrium titrant volume 
so that it can begin to be processed at line 270. If there 
are no more files left to process then control will shift to 
line 1720 and lines 1720 through 1770 will print all of the 
calculated k values along with the file name and the co-
efficient of determination. If automatic processing of 
files is not desired, then lines 210 through 260 will prompt 
the user for the single file name and the equilibrium titrant 
volume. Line 270 resets a counter variable which will be 
discussed later. Lines 280 through 370 place the data in a 
file where X(Q) is the time when the Qth data point was 
taken and Y(Q) is the total volume of titrant added at time 
X(Q). Lines 380 through 420 calculate the average total 
titrant volume added. Lines 430 through 470 calculate TY, 
the sum of squares difference between the individual data 
points and the average (which will be used later to calculate 
a coefficient of determination). Lines 480 through 550 per-
form a least squares linear fit to the data after a logarithmic 
fit has been performed in order to obtain an initial estimate 
fork, I(2). The equation used to calculate the initial k 
value is 
-ln 
1 = 
It YEQ - y) Q) )l C YEQ j 
N 
1 
X(Q) 
where YEQ is the equilibrium titrant volume and N is the total 
number of data points. Lines 570 through 590 calculate the 
initial increment which will be used in the iterative curve 
fitting procedure. Lines 600 and 610 set counter variables 
that will be used later. Line 620 sends control to the sub-
routine beginning on line 780. Line 780 and 790 increase the 
counter U by l and check to see if its value is greater than 
25. If it is greater than 25, this signifies that more than 
25 iterative loops have been made; the computer then jumps to 
line 1350 and prints the message "KNOT CONVERGING". Program 
execution is then terminated. If fewer than 25 iterative looos 
have been performed, line 800 tells the user how many itera-
tive loops have been performed. Lines 830 and 840 calculate 
two new "guesses", I(l) and I(3), symetrically displaced about 
the initially estimated k value, I(2). Lines 850 through 910 
form a nested loop which will calculate the sum of squares 
deviations between the actual data and the values the data 
would have if it fitted curves given by the three k estimates 
I(l), I(2) and I(3). For example, the curve predicted by 
I(l) will have the form 
where Yt is the volume of titrant added (microliters) at time 
t. The sum of squares deviation for the curve given by I)l), 
called SS(l), is calculated from the equation below: 
SS(l) 
N 
k ~EQ (l- e-I(l)X(Q)_)- Y(Q~ 
2 
SS(2) and SS(3) are defined in a similar manner. Lines 920 
through 980 print I(l) 1 I(2) 1 and I(3) along with SS(l), 
SS(2), and SS(3). The program then returns to line 630, just 
below where the subroutine o riginated. The compl e x of state-
ments between lines 630 and 780 are designed to determine if 
SS(2) is the smallest value in the set SS(l), SS(2), SS(3). If 
SS(2) is not the smallest value the n I(l), I(2) and I(3) are 
then shifted appropriately by the increment value to give new 
I(l), I(2), and I(3) values in an attempt to make the value 
of SS(2) the smallest of the set. New SS(l), SS(2) a nd SS(3) 
are then calculated and tested again to see if SS(2) is the 
smallest of the set. If SS(2) is still not the smallest value 
in the set, then I(l), I(2) and I(3) are again shifted by the 
increment value. When SS(2) finally has the smallest value 
of the three, then a parabolic curve is fitted to the points 
[I(l), SS(l)] [I ( 2) , SS ( 2) ] , [I(3), SS(3)] A value for 
k which will give the minimum sum of squares deviation is then 
calculated and the increment value that will be used for sub-
sequent iterations is reduced by a factor of 10 in lines 1080 
and 1090. Line 1100 tests to see if the new k value is 
sufficiently greater than the new increment value, i.e. if 
k/increment>lOOOO. If it is, it is assumed that the calculated 
k value is the actual k value, and control is shifted to lines 
1190 through 1250 which calculate a coefficient of determina-
tion, COD, and prints this value along with the k value. Line 
1260 tests to see if more than one file is being processed 
automatically. If only one file is being processed, lines 
1270 through 1340 are used to allow the user to rerun the same 
data with a new equilibrium titrant value if desired. If 
more than one file is being processed automatically, control is 
shifted to line 1680 where the next three lines store the cal-
culated k value and the coefficient of determination in an 
array. Control then shifts to line 1630 where the next file 
name, and equilibrium titrant value is stored, and then the 
computer jumps to line 270 where the iterative procedure is 
repeated. If all the files have been processed, control 
does not shift to line 270 but rather to line 1720 where the 
next five lines print the calculated k values and coefficients 
of determination. Line 1780 through 2000 allow the user to 
store the computed k values and the corresponding coefficients 
of determination along with the file names in a floppy disk 
data file. Lines 2010 through 2050 allow the user to either 
run again or exit the program. 
LI STI NG AUTOCUR 17 IMP 
10 w = 0 
20 E = 0 
30 DIM X<1000>~Y(1000) 
40 DIM JS(l00)~K(100) 
50 DIM L<100)~M<100) 
60 PRINT "THIS PROGRAM IS COMPAT 
IBLE" 
70 PRINT "WITH FILES GENERATED B 
y II 
80 PRINT "CAM18" 
90 PRINT 
100 PRINT "DO YOU WISH TO F'ROCES 
S" 
110 F'RII\lT "MORE THAN ONE FILE II 
120 PRINT "AUTOI'1ATICALLY--::· (Y/N) II 
~ "<N >n 
1:30 I NF'l..JT X$ 
1.40 PRINT "WHICH DISK DO YOU WIS 
H TO" 
1.50 PI::;: I NT II ACCESSr} ( 1 OR ':) \ II II.;·' r:-.1 _..._ ,• ~ • • .L.... 
'·,II 
.. ·· 
1. 60 I i"'JF'UT R$ 
170 IF Fi$ = "1" GOTO 200 
1fl0 R$ = "2" 
190 PRINT 
:;-~00 IF X$ -- "Y" GOTO 1370 
210 PRHH "l<JHAT IS THE FILE NAME 
'".)II 
220 I NF'l.JT NAI'1E:~$ 
:;-!30 PRINT 
240 PFilNT "WHAT TITRANT VOLUME I 
250 PRII\lT "PRESENT AT EQUILIBRIL.J 
1'1'"=' II 
::::60 II'WUT YEO 
270 u = 0 
280 F I L_E~f; == NAI'1E$ + II ~ D II + F:;:$ 
290 D$ = CHR$ (4) 
300 F'R I NT D$; II OF'EN II; F" I I_E$ 
:::.1 o F·R I NT D'l>; II r.;:EAD"; r~AI'1E~s 
:::;:::~0 II'WUT N 
2::::::o r~ = N / 2 
340 FOR 0 = 1 TO N 
350 INPUT X<D> ~Y(0) 
:::::60 I'~EXT 0 
370 F'R I NT D$; II CLCJ~)E II; I\IAME$ 
:3f30 ~::I GI'1A = 0 
390 FOR Q = 1 TO N 
400 SIGMA = SIGMA + Y(Q) 
410 NEXT Q 
420 YAVE = SIGMA I N 
430 TY = 0 
440 FOR Q = 1 TO N 
450 TY = TY + (Y(Q) - YAVE) A 2 
460 NEXT Q 
470 PRINT 
480 LET I<I = 0 
490 FOR Q = 1 TO N 
500 A= LOG <<YEQ- Y(Q)) I YEQ) 
510 LET KI = KI -A I X(Q) 
520 NEXT Q 
530 1(2) = KI IN 
540 PF:INT 11 INITIAL ESTIMATE FOR 
~< IS 11 ~I(2) 
550 PRINT 
560 INC= IC2l I 10 
570 F'Fi: I NT II INITIAL I ~~CREI'1ENT Is II 
580 PRINT INC 
~j90 F'R I i'IT 
600 Z1 = 1 
610 Z2 = 3 
620 GOSUB 780 
630 IF 8S<1> < 5SC2) GOTO 660 
640 IF 55(3) < 5S(2) GOTO 720 
650 GOTO 990 
660 85(3) = S5(2) 
670 58(2) = 55(1) 
6f30 I < 2) = I < 1 ) 
b90 Zl ::::: Z2 ::::: 1 
700 GO~)UB 780 
71 0 C30TO 630 
720 S5<l> = 85(2) 
730 88(2) = 85(3) 
7 40 I ( 2 l == I < 3 > 
750 Zl = Z2 = 3 
760 l3D8UB 780 
770 GOTO 640 
780 u = u + 1 
790 IF U > 25 GOTO 1350 
800 F'R I 1\IT II IN LDOF' #II ~ lJ 
til 0 F'R Ii'H II CALCLJLAT II'~G i'JEW ~)S ( Z) 
820 PRINT 
830 I < 1 > = I < 2 > - INC 
840 1(3) = 1<2> +INC 
850 FOR Z = Z1 TO Z2 
860 SS<Z> = 0 
870 FOR Q = 1 TO 100 
880 YH = YEQ * <1- EXP <I<Z> * 
- X(Q))) 
890 SS<Z> = SS<Z> + <YH- Y(Q)) A 
2 
900 NEXT Q 
910 NEXT Z 
920 PRINT II I ( 1) = II I ( 1 ) II ss ( 1 ) = 
11 SS ( 1 > 
930 PRINT 
940 PRINT 11 I(2)= 11 1(2)" SS(2)= 
"SS(2) 
950 PRINT 
Sl60 PRINT "1(3)= "I(3)" SS(3)= 
"SS(3 ) 
970 PRINT 
980 RETURN 
990 REM IM STALLING ..... AGAIN 
1 000 BA - ( SS ( 1 ) - SS ( 3 > ) * ( I ( 2) 
2 - I (3) ····. 2) 
1010 BB = <S5<2>- sse:::>> * <I<l> 
· ., 2 - I ( 3 ) ····. 2 > 
1020 BC = <I ( l > - I ( 3) > * ( I < 2 > ····. 
,., 
- I ( 3) .···. 2) ..::. 
1030 BD = < I ( 2) - I ( 3) ) * < I (1) 
..... 
2 - I ( 3) .···. 2) 
1040 BP = <BA - BB) I <BC - BD> 
1.050 AA = SS(2) - 5S(3) - BP * < I (2)- 1(3)) 
1060 AB = 1(2) A 2 
1070 AP = AA I AB 
I (3) ····. 2 
1080 I (2) = BP I < - 2 * APl 
1090 INC = INC I 10 
1100 IF I<2l I INC> 10000 GOTO 
1190 
1110 PRINT 
1 120 PRINT 11 FITTING TO A F'AF<ABtJL. 
~~II 
1130 PRINT 11 1\JEW INCREMENT IS "I 
NC 
1140 PRINT 
1150 Z1 := 1 
1160 Z:2 = 3 
11 70 C30SUB 780 
11 ElO !30TO 630 
i 
I 
I 
i 
) 
/ 
l. 190 PF: I NT "CUF<F IT \)ALUE FUF: DAT 
A" 
1200 COD= CTY- SS<2>l I TY 
121 0 F'R I NT II yIELDS A ~::: OF II ~ I ( 2) 
1·-:'-::·n F'R I NT "FOR A YED VALUE OF " 
YE:~D 
1230 F'F: I NT 
1240 PRINT "CDEFF I C I EI\IT OF DETEF< 
l"IINATION" 
1250 PF<INT "= "COD 
1.260 IF X$ = "Y" GOTO 1680: F'F:INT 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
14~)0 
1440 
PF: I NT "DO YOU l•J ISH TO RUN T 
HE" 
II 
PF: I NT II THE t)Af"1E D(..HA AGA I I'J'? 
PRINT "(Y/1\Jl","<N>" 
INPUT W$ 
IF l'-J$ = "Y" GOTO 240 
GOTO 140 
PFHNT 
END 
PRINT "K NOT CmNERGING" 
END 
PRINT "DO YOU WANT INSTRUCT 
IONS?" 
PRINT "(Y/N)","<N>" 
INPUT T$ 
IF T$ = "Y" GDTO 1420 
GOTO 1510 
PFUNT 
PRINT II s I l"'PLEY EI'HER THE RE 
C!UESTED" 
PRINT "VALUES. WHEN YOU ARE 
FINISHED" 
1450 PRINT "EI\lTERING DAH~ I"'EF:ELY 
TYPE" 
1460 PF~ I NT II' STOP~ ~~HEI'·.I YOU PIRE 
ASKED" 
1.470 PF:II'H "FOR THE NEXT FILE NA 
1"1E. II 
1480 F'R I NT "AFTER TVP I NG t )TOF', T 
HE" 
1.490 PRINT "COMPUTER WILL AUTOI"'A 
T I C(-4LL y II 
1500 PF:INT "BEC.1IN TO PF:OCESS THE 
FILES." 
1510 FOR (.l -- 1 TO 100 
1520 PI=< INT "FILE #"0 
(, 
1530 
1540 
1550 
1560 
1570 
1.58(1 
1590 
160(1 
161.0 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1.700 
1.710 
1720 
1730 
1740 
1750 
1760 
1T!O 
1780 
17<i0 
1800 
1810 
18 20 
H330 
l.t340 
HJSO 
1860 
PRINT 
PRINT "ENTER FILE NAME" 
INPUT C$ 
IF C$ = "STOP" GOTO 1630 
J$(Q) = C$ 
PRINT 
PRINT "ENTER EQUILIBRIUM TI 
TRANT VOLUME" 
INPUT J<(Q) 
H = Q 
NEXT Q 
w = w + 1 
NAME$ = J$<W> 
YEQ = K<W> 
IF NAME$ = "" GOTO 1720 
GOTO 270 
E = E + 1 
L<E> = COD 
M<El = I (2) 
GOTO 1630 
FOR W = 1 TO H 
F'Fi:INT J$(W) 
PRINT "t< = "M <W> 
F'RINT "COEFF. OF DET. = "L ( 
W) 
F'R I NT II#################### 
########" 
NEXT W 
PRINT "DO YOU WISH TO SAVE 
THE" 
PRINT "COMPUTED K VALUES IN 
A" 
PRINT "FILE'/ (Y/1'~) ", " <Y>" 
INPUT G$ 
IF [1$ = II N " f:1DTO 20 
F'R I NT II Wl·iAT I~;; THE F Il_E 1\1(-:WI 
E'/" 
INPUT ZX$ 
F'RII'H "WHICH DISK DO YOU WI 
SH TO" 
PRINT "PUT THE FILE ON'/ <1 
DR 2) II' "<2>" 
1.870 INPUT BN$ 
1.880 IF BN$ = "1" GOTO 1900 
1890 BN$ = "2" 
1900 Fl:J$ = ZX$ + ",D" + BN$ 
191.0 D$ = CHR$ (4) 
l ( 
1.920 PRINT D$; "OF'EN"; FG$ 
19 30 PRINT D$;"WRITE";Z X$ 
1940 FOR w = 1 TO H 
1950 PRINT J$(W) ~L<W> ~M<W> 
1960 NEXT w 
1970 PRINT D$;"CLOSE";ZX$ 
1980 PRINT 
1990 PRINT "FILE HAS BEEN SAVED" 
2000 PRINT 
2010 PRINT "DO YOU WISH TO RUN" 
2020 PRINT "AGAIN? <Y /N) II~ " <Y>" 
2030 INPUT CV$ 
2040 IF CV$ = "N" GOTO 2060 
2050 GOTO 90 
2060 END 
